IT IS the purpose of this paper to present a clinical and pathologic study of myocardial involvement in seven previously unreported eases of the Duchenne form of progressive muscular dystrophy. The clinical signs of cardiac involvement in 139 cases and the electrocardiograms taken on the majority of these patients are also discussed. The frequent occurrence of pneumonia has proved to be a serious complication in nonambulatory patients and the treatment employed in such cases is presented. Finally, the problem of the terminal illness and the immediate cause of death are discussed.
The patients in this series have all been selected as cases of the Duehenne form of muscular dystrophy as defined by Walton and Nattrass.1 This corresponds to the "childhood group" of Tyler and Wintrobe. 2 Walton and Nattrass define this group as (a) generally affecting male but rarely female subjects; (b) usually beginning in the first year of life but occasionally later; (e) transmitted (BT 888) . 484 hospitals near their homes. The authors are indebted to a number of Michigan hospitals for allowing access to the records of these patients.
There were 131 male and eight female subjects. Ages varied from 4 to 35 years in the male patients and from 12 to 35 years in the female patients. There were nine Negro patients, all males. A positive family history was obtained in 52 cases or 37.5 per cent of our series. There were 14 sets of brothers, including one set of identical twins, two sets of two sisters and two sets of three brothers.
During the initial admission to the hospital all patients had a complete physical examination, chest x-ray, serum creatine and creatinine determinations, 24-hour urinary creatine and creatinine determinations, and eleetromyography. In addition, 111 patients had multiple-lead electrocardiograms. In the interpretation of the height of the R waves in the precordial leads the data tabulated by Lepeschkin,3 Nadas,4 and Sokolow and Friedlander5 in normal subjects were used. The criteria for the diagnosis of progressive muscular dystrophy were as follows: history of progressive muscular weakness and disability beginning in the muscles of the pelvic girdle and the quadriceps femoris, absence of abnormal physical signs referable to the nervous system, weakness in affected muscles, muscular atrophy or pseudohypertrophy, creatinuria in the adult and excessive excretion of creatine in the child, abnormally high values for serum creatine, and dystrophic unit activity in the electromyogram. Examples of electrocardiograms illustrating chara,cteristies of various groups. In group A the R waves in V1 3 are abnormally tall. In group B the R waves in V1 -are a,bnormally tall plus widening of the QRS interval to 0.10 second. In group C the QRS interval is widened to 0.10 second but R waves in V l are normal. In A+D tall R waves are present in V2 and V3, abnormnal Q wcaves are present in 1, aVL, V4, and V5 and T waves are inverted in aVL, V2 5- lus such as raising up in bed. In view of the lability of the tachyeardia, single determination of the pulse rate or the rate obtained from electrocardiograms was unreliable for determination of over-all incidence of tachyeardia. Clinical enlargement of the heart was found in only two patients. These two patients were also the only two with enlargement of the heart on Circulation, Volume XXVII, April 1963 chest x-ray. Both of these patients showed signs of congestive heart failure during their illness.
Murmurs oecurred in 16 cases, were all systolic and of either grade-I or grade-II intensity. In three instances the murmurs were basal, nine were apical and two were at the left of the sternum. In two cases the murmurs were both apical and basal. All In B+D tall R waves are present in Vl s, QRS interval is widened to 0.10 second, and abnormal Q waves are present in 1, aVL, and V4 6* In C+D the R waves in Vl are normal, QRS interval is widened to 0.11 second, deep Q waves are present in 1 and aVL and T waves are flattened or slightly inverted in V4 6. fever were excluded from this series, and it is unlikely that any of the nmurnmurs were due to rheumatic heart disease.
Hypertension was not noted in any of our pa- In four of our cases dystrophic changes were obvious macroscopically and were recognized immediately. In three cases, however, typical changes were seen only mieroscopieally. In material of this type only careful search will demonstrate the dystrophic changes. In 1922 Globus7 observed "Probably myocardial changes would be more frequently found in progressive muscular dystrophy if the heart is systematically studied in every case."
Tachyeardia was the commonest clinical manifestation of heart involvement. This occurred early, but was so labile and unpredictable that its significance is obscure. Other signs of cardiac involvement (cardiomegaly and congestive heart failure) were uncommon and, when present, were found only in most advanced cases. It is our belief that the severe restrictions imposed on the patient 's physical activity by the skeletal muscle involvement protect the patient from overt signs of heart failure.
Electrocardiographic changes, although not invariable, were common in our series and demonstrated a pattern of abnormalities that could be considered almost specific. Tall R waves in right precordial leads (group A) have been described before8-13 and were amply demonstrated here. There is a tendency for this change to be observed in patients of the younger age group who have had muscular dystrophy for only a few years, but it sometimes was present as the sole electrocardiographic abnormality in older patients.
Incomplete right bundle-branch block, with and without abnormally tall R waves in right precordial leads (groups B and C), tended to occur in patients who had had muscular dystrophy for a number of years and was cer- Pneumonia is unquestionably the commonest cause of death in progressive muscular dystrophy. We believe that heart disease may Circulation, Volume XXVII, April 1968 be an important secondary cause of death in cases where pneumonia is the primary cause. The diseased myocardium must be unduly sensitive to anoxia. This may explain the sudden death in some patients with pneumonia. Muscular dystrophy patients sometimes die suddenly with no preliminary warning. It may be that patients in this group have dystrophic involvement of the myocardium and are on the verge of congestive heart failure,1 so that heart failure may be precipitated abruptly by a sudden demand on limited reserve.
There are a number of reports in the literature of death in progressive muscular dystrophy following a brief episode of abdominal pain, vomiting, and diarrhea. One patient in our series presented with these symptoms and four patients had intermittent attacks of abdominal pain in the few weeks prior to death. There was no evidence of dystrophic involvement of the smooth muscle of the gastrointestinal tract as described by some authors. 15 From what is known and explored thus far, I think it is sufficiently established that there is electricity in animals, which, with Bartholinus and oth,ers, we may be permitted to call by the general name of animal electricity. This, if not in all, yet is contained in most parts of animals; but manifests itself most conspicuously in muscles and nerves. The peculiar and not previously recognized nature of this seems to be that it flows from muscles to nerves, or rather from the latter to the former, and that it traverses there either an are or a series of men or any other conducting bodies which lead from nerves to muscles by a shorter and quicker way, and flows most speedily through them from the former to the latter.
From this, moreover, two consequences seem chiefly to ensue, namely, that the electricity in these parts is, one positive, as we may believe, the other negative, and that one is wholly distinct in nature from the other; for when equilibrium is established, there is no motion, no excursion of electricity, no phenomenon of muscular contraction. But forsooth, it is difficult to define in which of the designated parts one electricity resides, in which the other; whether, for example, one in muscle, the other in nerve, or both in ore and the same muscle, and from which part it flows. In this obscurity of things, however, if it is permissible to have an opinion, my mind inclines towards placing the location of both kinds of electricity in musele. 
